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ABSTRACT
We proposed to use this grant to undertake research in the following three major areas: In these studies, the basic approach is based on the development of ultrafast laser (and electron) and molecular beam techniques to examine in real time ttie nature of tiie dyiwmics and structures on the femtosecond time scale. Our goal was to relate tiiese dynamics to features of bonding and medianisms and to explore the effect of extreme solvation environment on reactivity. Probing and controlling reactior\s pathways are key to validating any model of chemical reactivity in complex molecular systems. Theoretical studies in our group and in collaboration with colleagues elsewhere were an important part of OBTECTIVES We proposed to use this renewal grant to iindertake research in the following three In these studies, the basic approach is based on the development of ultrafast laser (and electron) and molecular beam techniques to examine in real time the nature of the dynamics and structures on the femtosecond time scale. Our goal was to relate these dynamics to features of bonding and mechanisms and to explore the effect of extreme solvation environment on reactivity. Probing and controlling reactioris pathways are key to validating any model of chemical reactivity in complex molecular systems. Theoretical studies in our group and in collaboration with colleagues elsewhere were an important part of this research activity during the entire period of the grant.
STATUS OF EFFORT
We have made significant progress in several areas (please see below and the publication list), including the development of UED for imaging and studying the d5mamics of molecular systems with atomic-scale resolution, and the dynamics of elementary processes in complex reactions, including ioruc systems. The Caltech group has so far published papers in every category, as outlined below. the initial direct caging is two to five times slower than that previously observed for diatoms, neutral, or ionic, in van der Waals clusters. We showed that this initial slower caging is due to the reorientation of Oj and Oj to acquire a proper geometry for O; bond reformation. In these finite-sized homogeneous clusters, we compared theory with experiment. We also found a correlation between the vertical detachment energy , and n"'^^ for n in the range of 2-10, which allow for a connection between the mesoscopic structures and a bulk-type dielectric continuimi, with an effective dielectric constant. These types of studies are critical to our imderstanding of energy disposal in complex systems. 
ACCOMPLISHMENTS/NEW FINDINGS
NEW DISCOVERIES. INVENTIONS. OR PATENT DISCLOSURES
During the period of the grant we have made one major development and some new discoveries. In a paper published in Science, we have developed ultrafast electron diffraction to a new level. With this apparatus, for the first time, we are able to clock a change of chemical structure of intermediates with one picosecond resolution, and with a spatial resolution of 0.01 A. As described in a publication to appear soon in Science, we believe that a breakthrough in this field has been made. We are now able to perform diffraction of crystals and materials on the nanometer scale.
The discovery of a new ultrafast phenomenon in mesoscopic systems is novel and significant. In a series of publications in the journal of Chemical Physics, we reported on studies of oxygen anion clusters with first and second solvation shells. These are important mesoscopic systems that are highly reactive in chemical and biological (0'^) systems. Other discoveries are reported in the references given.
HONORS/AWARDS (INCOMPLETE)
The 
